Introduction
Upper airway muscles of the pharynx and larynx are multifunctional, contributing to respiration, vocalization, swallowing, and upper airway reflexes including sneezing and coughing. The upper airway reflexes are particularly important for protecting the entry of material into the lower airway tract (Nishino, 2000) . Because tonus of the upper airway muscles (Sullivan et al., 1978 (Sullivan et al., , 1979 Wiegand et al., 1991) and respiratory patterns (Issa and Porostocky, 1993) are altered in accordance with sleep-wake cycles, particular attention has been placed on the activities of these muscles during sleep in relation to the pathogenesis of obstructive sleep apnea (Shea et al., 1999) . Moreover it is also suggested that silent aspiration into the intrathoracic airways is a common occurrence in normal subjects during sleep (Gleeson et al., 1997) .
Evidence has accumulated demonstrating that cholinoceptive neurons in the medial pontine reticular formation (mPRF) are involved in the sleep-wake cycle-related alterations of breathing and upper airway muscle tone (Lydic and Baghdoyan, 1989; Bellingham and Funk, 2000; Bellingham and Ireland, 2002; Fenik et al., 1998; Kubin et al., 1993; Lydic, 1996; Orem and Anderson, 1996) . For example, a microinjection of carbachol, a long acting cholinergic agonist, into the mPRF of unanesthetized cats induced a rapid eye movement (REM) sleep-like state and elicited significant decreases in the respiratory cycle (Lydic and Baghdoyan, 1989) and in the activity of the posterior cricoarytenoid (PCA) muscle (Lydic et al., 1989) . Activity of the genioglossus (GG) muscle was also reduced by the postsynaptic inhibition of hypoglossal motoneurons after pontine carbachol injection (Kimura et al., 1990) . Although subsequent studies showed that upper airway motor activity was differentially suppressed by the activation of cholinoceptive mPRF neurons (i.e., the suppression was greater in pharyngeal and hypoglossal motoneurons than in laryngeal motoneurons; Fenik et al., 1998) , less attention has been paid to the role of the cholinoceptive mPRF neurons in the modulation of upper airway reflexes or pharyngolaryngeal reflexes. Particularly, the critical question is whether the suppression of pharyngolaryngeal To understand the role of cholinoceptive, medial pontine reticular formation (mPRF) neurons in the control of upper airway, pharyngolaryngeal reflexes, we measured activities of intrinsic laryngeal muscles (posterior cricoarytenoid, PCA; thyroarytenoid, TA), diaphragm (DIA), genioglossus (GG) and a neck muscle (trapezius) in unanesthetized, decerebrated, spontaneously breathing cats with and without mPRF carbachol injections. The ethimoidal nerve was electrically stimulated to evoke sneezing, and the superior laryngeal nerve to evoke the laryngeal reflex, swallowing, and coughing. Carbachol reduced the amplitudes of the spontaneous electromyographic activities in the neck, TA, PCA, GG, and DIA to 7%, 30%, 54%, 45% and 71% of control, respectively, reduced the respiratory rate to 53% without changes in expiratory CO 2 concentration; the magnitude of the laryngeal reflex in the TA muscle to 56%; increased its latency by 13%; and reduced the probability of stimulus-induced sneezing, swallowing, and coughing to less than 40%. These changes lasted more than 1 h. These data demonstrate that important upper airway reflexes are suppressed by increasing cholinergic neurotransmission in the mPRF. Because acetylcholine release in the mPRF changes in accordance with sleep-wake cycles, the present findings are relevant to the control of upper airway reflexes during various vigilance states.
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